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THE EFFECT OF VAPOR IMPERMEABLE GLOVES ON
EVAPORATION AND SWEAT SUPPRESSION
IN THE HAND*
CLARENCE N. PEISS, Pn.D.t AND WALTER C. RANDALL, PaD.
Previous reports (1, 2) in this series of papers have clearly established the I ol-
lowing general relationships: Immersion of palmar or plantar skin in water re-
sults in the uptake of water by the skin, and in a characteristic wrinkling and
whitening of the skin. Associated with these phenomena is a consistent suppres-
sion of sweating. It has also been demonstrated that suppression of sweating
occurs in dilute saline solutions and does not occur in strong saline solutions. It
appears from these results that sweat suppression following immersion of the
hands or feet in suitable solutions is related to the degree of water movement
into the stratum corneum. The relationship bet\veen water uptake and osmotic
gradients has been studied by Buettner (3, 4), and Folk has investigated the prob-
lem from the point of view of possible water repenetration during the wearing of
vapor impermeable boots (5). The present report, it is felt, contributes significant
evidence of importance to the problems concerned in the design and develop-
ment of vapor impermeable clothing, and adds further evidence to our concept
of the relation between skin hydration and sweat suppression.
METHODS
Sudomoter reflexes were elicited by sudden startles, deep breaths, etc., and
the resulting sweat responses were recorded by means of the iodine-starch-paper
method (6). Evaporative rates were measured directly by aluminum capsules
of 10 sq. cm. area filled with activated aluminum oxide and applied to the skin
areas under observation. lontophoresis of methacholine (1: 1000) was carried out
over a 15 minute period at a current density of 0.4 milliamperes per sq. cm. of
electrode surface.
RESULTS
Figure 1 illustrates the simultaneous changes in evaporative rates (bottom)
and in sweat responses (top) which occurred on the dorsal and palmar surfaces
after the hands had been enclosed in rubber surgical gloves for one hour. Palmar
evaporative rates are represented by the solid black bar, while the dorsum evap-
orative rates are shown by the cross-hatched portion at the base of each bar.
Each bar represents, therefore, the simultaneous evaporative rate from the dor-
sum and palm. Each pair of bars and sweat prints represent simultaneous com-
parison of responses on the experimental (right) and control (left) hands.
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FIG. 1. The relationship between evaporative rate and sweat suppression in skin en-
closed within rubber gloves. See text for details.
Comparison of evaporative rate and sweating response on palmar and dorsal
skin surfaces during the control period (column 1) illustrates the differences
regularly observed, both responses being considerably higher on the palms. The
right hand was then enclosed within a tightly fitting surgical rubber glove for 1
hour, the left hand being continuously exposed to environmental air. Upon re-
moval of the glove, the hand was quickly wiped dry with a towel and prepared
for observation of sweat responses and evaporative rates. Both the dorsal and
palmar surfaces were whitened and furrowed. At the end of a 10 minute period,
the desiccating capsules were removed and weighed. Both palmar and dorsal sur-
faces showed significantly higher evaporative rates (column 2). Sweat records
M
 R
IG
H
T 
H
N
C 
FO
R 
I 
H
JR
 
VAPOR IMPERMEABLE GLOVES AND SWEAT SUPPRESSION 445
throughout this 10 minute period revealed nearly complete suppression of sweat-
ing on the palmar surface with little or no effect on the dorsum. Thus, in spite of
reduced sweating on the palm of the hydrated (right) hand, the evaporative rate
was elevated nearly 100 % With no significant alteration in the sweat prints on
the dorsum, evaporative rate was increased by more than 100%. Simultaneously
the control, non-hydrated (left) hand of column 2 revealed only slight increases
in evaporative rates which can be entirely accounted for by slightly increased
intensity of sweating. Partial recovery of sweating on the palmar surface of the
hydrated (right) hand in column 3 was accompanied by partial return of the
evaporative rates toward control level, while the dorsal surface showed almost
complete recovery. The final set of capsules (column 4) were in place during the
10 minute period from 22 to 32 minutes following removal of the rubber glove.
Although the evaporative rate on the hydrated palm is at the control level, exam-
ination of the sweat record reveals continuing suppression. Thus, the diffusive
water loss continued at a level somewhat in excess of the control rate in column 1.
It has thus been demonstrated that practically identical changes in sweat sup-
pression and in diffusive evaporative loss are observed following immersion of the
skin in water (2), and after wearing impermeable rubber gloves. It is tempting
to conclude that similar reversible changes in the skin are responsible. In each
instance, suppression of sweating coincides with the establishment of a high
ambient vapor pressure and marked reduction or actual reversal of the vapor
pressure gradients from skin to environment.
If the vapor pressure of the immersion bath is reduced, as in cold water, sweat
suppression is greatly reduced or fails to occur. This was tested by placing im-
permeable rubber gloves on both hands. The temperature of the air inside the
glove in immediate contact with the "cold" hand was maintained at approxi-
mately 10°C by immersion in a cold water bath, while that in contact with the
"warm" hand was maintained at 33 to 34°C. Measurements of evaporative rates
and sweat responses n each of the palms immediately following removal of the
rubber gloves revealed no sweat suppression and no increase in evaporative rate
from the "cold" hand. Both sweat suppression and increased evaporation did
occur on the "warm" palm. Thus, the conclusion seems warranted that there
exists a significant relationship between the vapor pressure gradient from environ-
ment to skin, and the amount of water which penetrates the epidermis from the
environment.
That this water may originate from the tissues themselves, as well as from an
external source, seems assured by the glove experiment where no other source is
available. It seems likely that such reversible net movement of water can occur
even though very small space is allowed between the most superficial layers of
the epidermis and the external impermeable barrier. To illustrate, it may be
demonstrated that application of adhesive bandages to the skin results in the
same whitened, furrowed appearance observed experimentally in the gloved or
water immersed hand. Table 1 illustrates the simultaneous suppression of sweat-
ing and the elevation of diffusive water loss from an area of the palm and dorsum
of the hand following removal of adhesive patches which had been applied to
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TABLE
Evaporative rates and sweat prints from palmar and dorsal hand skin immediately following
removal of an adhesive patch
Sweating is expressed in terms of the "response-intensity" chart of the preceding
paper (2).
Control Palm Patchml Palm Control Dorsum Patched Dorsum
Subject .
Evap.
rate
Sweat
intensity
Evap.
rate
Sweat
intensity
Evap.
rate
Sweat
intensity
Evap.
rate
Sweat
intensity
Ra 0.16 +4 0.42 0 0.07 +6 0.15 +6
Ra 0.19 +4 0.39 +2 0.13 +5 0.23 +5
Ho 0.20 +4 0.35 +1 0.13 +3 0.23 +3
Jo 0.22 +10 0.53 +2 0.09 +5 0.20 +5
Om 0.14 +6 0.42 0 0.12 +6 0.26 +6
the skin from 2 to 5 hours. Again, evaporative rates were elevated significantly
on both the palmar and dorsal surfaces, but sweating was suppressed on the palm
only, precisely as indicated in figure 1.
In 1946, it was reported that iontophoresis of methacholine into the palm failed
to elicit sweating (6). Subsequent administration of this and other cholinomi-
metic substances by intradermal injection into palmar skin caused profuse sweat-
ing. The apparent discrepancy between these experiments may now be consid-
ered in the light of current studies. It seems probable that the saturated gauze
pad carrying the methacholine solution might induce sufficient hydration of the
palmar skin to cause suppression of sweating. Direct chemical stimulation of the
sweat glands might be insufficient to cause secretion and passage of sweat through
the occluded poral orifice onto the skin surface. Hence, what was interpreted as
lack of response of the sweat glands to normal cholinomimetic stimulation may
in reality be due to the suppression of sweating caused by the hydration of
cornified skin.
Figure 2 shows an experiment testing this possibility. Three finger pads on the
left hand were tested for sweating response to the usual stimuli. All fingers
showed a normal sweating response. Finger pad LD2 was then subjected to
iontophoresis with 1:1000 methacholine in distilled water at 0.4 milliamperes
per sq. cm. electrode area for 15 minutes. Simultaneously finger pad LD3 served
as a control which remained exposed to the environment (air temperature 30°C).
Finger pad LD4 was immersed in distilled water at 30°C. At the end of the 15
minute experimental period, all fingers were wiped dry, painted with iodine solu-
tion and tested in the usual manner. The left portion of figure 2 indicates failure
of the methacholine solution to induce sweat discharge. In confirmation of our
previous experience, sweating was suppressed about as completely as the finger
immersed in water (LD4). The air control (LD3) continued to show copious
sweat secretion.
Three corresponding fingers on the right hand were then tested in the follow-
ing manner: RD2 was subjected to iontophoresis of 1:1000 methacholine in
saturated sodium chloride solution for 15 minutes at the same current density
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FIG. 2. Comparison of palmar sweating following ion ophoresis of methacholine in water,
and methacholine in saturated NaC1 solution. See text for details.
that was used on the left hand. RD3 was an air control, and RD4 was immersed
in saturated sodium chloride solution at 30°C for 15 minutes. The right portion
of figure 2 indicates clearly that methacholine under these conditions results in
copious sweat discharge in excess of the air control. The saturated sodium chloride
solution, as usual, failed to suppress the sweat discharge. Frequently the dis-
charge of sweat from the finger pad treated with methacholine was considerably
more copious than that from the other finger pad. Sweat beads could be seen on
the surface with the naked eye, even without the use of psychic stimuli, which
was not true for the other finger pads.
It thus appears that failure of methacholine iontophoresis to evoke palmar
sweating may be attributed to hydration of palmar epithelium coincident with
the iontophoresis procedure.
DISCUSSION AND SUMMARY
The possibility exists that the water of hydration in these impermeable glove
experiments may have origin within the sweat ducts, and may pass outward di-
rectly through the walls of the duct. Shelley (7), however, states that the duct
epithelium is incapable of absorption of appreciable amounts of sweat, and
even though intraluminal pressures rise considerably, sweat does not appear
to pass through the wall into neighboring epithelium unless actual rupture of the
duct occurs. Further, it has been shown by Sulzberger ci al (8) that sweat is
distinctly urticariogenic when injected intra-cutaneously. It was, in particular,
injection of an individual's own sweat that was capable of producing a wheal.
These findings, however, do not rule out the possibility of water transfer across
the duct wall.
There are of course, other sources of water of hydration. Under a tight fitting
IONTOPHORESS OF I:l(
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rubber glove, sweat secretion from the palm will continue until sufficient hydra-
tion occurs to occlude the poral orifice. Such sweat secretion will remain as a
liquid on the skin surface. Furthermore, diffusive water loss will soon saturate
the small air space between the glove and the skin, and at usual room tempera-
tures, will result in condensation of liquid water inside the glove. The disappear-
ance of a vapor pressure gradient from tissue to environment will, of course, in-
crease the skin vapor pressure and the skin water content. All of these processes
are probably involved in skin hydration under a vapor impermeable barrier.
Under such conditions, we believe the following events occur:
1. The vapor pressure of the skin is elevated, resulting in increased evaporative
rate when the glove is removed.
2. Water accumulates in the superficial skin layers with resultant swelling of
the keratin ring (9) surrounding the superficial poral orifice.
3. This produces poral occlusion and, therefore, suppression of sweating.
4. The uptake of water and swelling by the keratin ring is reversible, and
therefore sweating responses are restored when increased evaporative rates re-
establish the normal state of hydration of the epidermis and keratin material.
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